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CURRENT MEASUR ING METHOD AND APPARATUS 

The present invention relates to a current 
measuring method and apparatus. 

There are many ' circumstances in which it is 
desired to measure small currents passing along 
conductive tracks without disrupting the operation of 
the circuits connected to those conductive tracks 
For example it is desirable to be able to check the 
input and output currents on voltage regulators, find 
the magnitude and cause of fault currents on printed 
circuit boards, find the location of short circuits 
on printed circuit boards, measure current 
consumptions of individual devices in a circuit 
check that low power devices are operating in their 
specification, check that "sleep" modes are 
operational on microprocessors, monitor charge and 
discharge currents on batteries, measure current flow 
down • sections of backplane power ' busses, check 
currents taken by light emitting -diodes, and confirm 
the readings of moving coil meters. it is of course 
a relatively simple matter to make curlrent 
measurements if a device can be connected in series 
with the conductive track in which one is 
interested. Unfortunately this is often not possible 
without disrupting the. conduit. 

avan C H U : rren K m ° nit0ring - mete ' s have "been made 
available but generally suffer from i nsensi t i vi ty , 
low accuracy, or an inability to resolve between 
closely spaced tracks. There is cle arly a need for a 
device which would enable a user to obtain a direct 
reading of current flow down a track with the same 

vo a r t V nd aCCUraCY 35 15 ° aSe WhSn —ring 

voltages using a conventional digital volt meter 
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and 



D«,vi£ " ° b3ect of the present ^0 

i;;:;:L an improvea ™ ~- — «- 

According to the present invention there is 
provided a current measuring apparatus comprising t „ c 
1" r a e: Pted ^"^"'.in contact with /pa 

having TT °' " each probe 

having a first and a second contact, means for 
-...««„ the potential difference between the „ 
first contacts, means for supplying current to the 
conductive tracHs through the two second contacts to 
effect a predetermined change in fh » - 
potential difference me. \ measured 
. oirrerence, means for measuring the 

auppl.ed current, and means for calculating 
current through the trac* before the tree, 
contacted by the probes frbm the measured current 
the predetermined change in potential difference 

measuring Th""' inVenti °" P«vld.. a method for 

measuring the magnitude of a -current flowing down a 

"n iv ; it r thI ' T ein tuo pcobes — % 

' SPaC ! d aPa " of the conductive 

electrlcair/ ZTl^L'Z.^ " ~ 
^>*j? ^ncaccs, the potential 

difference between the two fir., P° te ntial 

c . cwo first contacts i « 
measured, current is supplied to th. ™ * 

u . uffJ-iea to the conductive track 

through the two second contacts to effect a 
Predetermined change in f h= etrect a 

difference the measured potential 

rerence, the current supplied to achieve the 
predetermined change in hh o ■ 

differed. • measured potential 

tra" h , ""sured, and the current through the 

ca c l a b ; e f d ° re f the ""-ted * P-les is 

calculated from the measured current and the 
Predetermined change in the potential difference, 
may IT ^• d "«" ln - change in potential difference 

pa ticuV PerCen " 9e Cha "^ selected to suit a 
particular measurement range. 
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Preferably each measurement is the result of a 
series of operations in which the current injected 
into the conductive track is reversed and the 
connection of the probes through the monitoring 
equipment is reversed thus giving a four stage 
cycle. This enables an average result to be produced 
which cancels out errors due to voltage offsets, 
thermal EMFs and noise. 

The present invention also provides a -double 
contact probe comprising a ,first tubular contact, and 
a second contact extending along the axis of the 
tubular contact, wherein the second contact' is 
resiliency mounted within the first contact so as to 
be electrically isolated therefrom, the first cdntact 
extends to a pointed tip, the second contact when 
unrestrained extends to a point axially beyond the 
said pointed tip, and the resilient, mounting of the 
; second contact is such that a predetermined axial 
pressure on the second contact- causes'" it to -move 
axially into the first contact so that the tips of ' 
the two contacts will lie on the conductive track 
irrespective of the angle of approach of the probe.' 

Preferably the second contact is a spring-loaded 
telescopic assembly supported i n a body of 
electrically insulating material within the first 
contact. The pointed tip of the first contact may be 
defined by cutting off the end of the first contact 
along a planar cut inclined to a plane perpendicular 
to the- tube axis . 

An embodiment of the present invention will now 
be described, by way of example, with reference to 
the accompanying drawings, in which:- 

fig- 1 is a schematic illustration of 
apparatus in accordance with the present invention; 

Fl9, 2 is a schematic illustration of 



an 
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switching cycle followed during operation of ' the 
system illustrated in Pig . lf and the 

a orobe 9 ' ' * SChematic sect ^nal illustration of 

a probe incorporated in the system of Fig. 1. 

Referring to the drawinas p-s „ •. i 
i llusbrfl . oc arawmgs, Flg . 2 schematically 

illustrates a conductive track 1 along which' a 

current xt is passing. The track is contacted tw 
Probe 2 and 3 ^ Qf ^ ^ ^ y two 

which is used to convey current to and from the trac 

a second contact 5 which is used to monitor he 
voltage on the track. , Th e system to be described 

c r e W nt in b 3e t CtS & * ^ ^ *° ^ 

current between the probes is the sum of it and i 

A microprocessor control system 6 produces a 
control output voltage vi wh,>h • 

volhanfl . 9 Vl whlch is applied to a 

voltage to current converter 7 t- ho 

control, r 7 thS ° Utput of ^ich 



control, f-h« ; UUL f uc °r which 

inputs to'. C ° ntr0: SyStM centre! 

nolo drcuit 9 and a variable gains stage io 

voltaaT/^" reVerSal S " itCh 8 -^ly enables the 

voltage derrved , f rem contacts 5 and applied to an 
input amplifier 11 'to be reversed That v^t 

sampled in the sample and hold circuit L c " 

"itch 12 and charging a capacitor i3 to th ""' * 
voltage. P^cicor 13 to the sampled 

14 wi T th V a a / t iabl :. gain ^ « n pri... an amplifier 

which are " " and l 6 

which are switched into circuit hv 

switches 17 and 18 Wh by res P*ctive 

register 15 s l SWitCh 17 is closed the 

in ol ! 3 Pred « te "»*n«< percentage reduction 

m gain and when the switch 18 is cIospH ! h 

16 sets s . closed the resistor 

The o 3 -"ease in gain. 

termina of °' " P "" ,r U l ' " «„. 

i„Put d 3 COmP " at0r 19 receives an 

input drrect from the input amplifier 11. Thus the 
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comparator provides an output to the control system 
which is a function of the difference between the 
voltage sampled between the contacts 5 and the 
voltage output by the variable gain stage. The 
control system also provides outputs to a display 20 
and is'- provided with front panel controls 21 for 
adjusting for example the measurement range. 

The spacing between the contacts 4 and 5 of each 
probe is as small as is conveniently possible/ for 
example 0.3l'75cm, and thus the spacing between the 
contacts is very much smaller than the spacing 
between the probes. One contact is used to inject 
current into the track and the other is used to 
measure the voltage on the track. This ensures 
accurate measurement of voltage and eliminates errors 
.due to voltage drops and potential differences which 
would be caused by the presence of the injected 
current in a single contact probe.- 

The alternative feedback configurations of the 
variable gain stage 10 may be . set to give equal but 
• opposite changes in gain, that is one plus G percent 
and one minus G percent, g percent being a 
predetermined value determined by the characteristics 
of the system and varied according to which current 
range is selected. The comparator 19 may be set up 
to indicate to the control system when its inputs are 
equal. The basic operational technique is to 
accurately measure the potential difference between 
the voltage contacts 5, and then to modify this 
potential difference by a known amount by injecting a 
small current via the current contacts 4. This 
injected current is measured and then used to 
calculate the original track current. 

In order to obtain each reading which is output 
to the display 20, a cycle of operations occurs. 



6 - 



This cycle is described „ ith reference to fig 2 
«ch cycle, measurements are taken of th . [ rack 

fin": .. 1 " fou ; modes ' or quadrants (i 

fo 1 " aCk CUrre " " 13 C °" PU " d 
tnese tour measurements. 

currenTt"? 9 ? *' l " """f « <*• injected 

-tent a ; £ irr: v„ to in «— <- 
voi ta9 e v.. ;r dra a ; t g2 th r use an . tn — in 

q2 ' the infection current i 

reversed an ; th . ,Md " nt 93 -.itch.', is 

1 section current i ls selected to 

-use an lncrease lB potential di£ference 



In quedrant q„, the input suitcn 8 ,„ 
reversed the inaction current i U selected 

cause a Eduction ln the , measured Dotential 
drfference of minus v.. ThU s the top half o'f ,*' \ 
represents the input switch 8 .[ Vo/mll 
condition and th . bottom Indicates " " 

swihoh iL indicates the input- 

o «, 2 * " V " Md "-"«»■ ^e left-hand side 
current' t 2 ' lndl " t9S "» ••!•«,* of en inj e= ti on 
Potent al t d ° lff e "" " -—in the measured 
P°tent la i difference end the right-hand side of Pi g 

cause a SeleCtl0n ° f a " inJeCtl - ™«. "t o 

Terence. ~ d 

..rl.Tof 1 " eaC ". ° f " e f ° Ur *»•*»"'•. a similer 
IT th ° ° Peratl ° nS °= CU -- in "e case of quadcant 
ql, these operations are as follows: 
1- with the input switrh q < « • 

and with „„ • • SWltch 8 ln normal condition, 

and wrth no miction current (thus i equals zero) 
h v alue of the potentiai ^ - o, 

voltage contacts 5 is measuted . Thi s voltege 
referred to hereinafter as voltage v„ 

cucuit e 9 ;° lta9e V ° ^ St °" d »" "-PL and hold 
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3. the variable gain stage 10 is set to give a gain 
of 1 + G percent. Thus the voltage Vo, increased by 
G percent, appears at the upper input of comparator 
19 ( Fig . 1) . 

4. the control system 6 causes a current i to be 
injected into the track 1, the injected current 
modifying the potential difference measured by the 
voltage contacts so as to produce a voltage at the 
lower input to comparator 19 which equals the voltage 
at the upper input comparator 19. This balancing of 
voltage levels at the two inputs to the comparator 19 
uses a successive approximation technique to obtain a 
high resolution whilst maintaining speed and 
stability . 

5. the value of the injected current which causes 
the voltage levels at the two - inputs of the 
comparator 19 to be equal is stored' in memory as (i 
ql) . 

A similar series of steps is carried 'out in each 
of the four quadrants. Thus to obtain (i q2), the 
variable gain stage 10 is. reset to give a gain of one 
minus G percent and ' steps 4 and 5 above are repeated.' 
(i q3) is obtained by reversing the input switch 8 
and setting the gain to 1 plus G percent and (i q4 ) 
is obtained by keeping the input switch 8 reversed 

and setting the gain to 1 minus G percent. 

The four values (i ql), (i q2)/ (i q3 , § and ( . 

q4) are averaged to produce a final single value la. 

This averaging ensures that all errors due to 

offsets, thermal EMFs and general noise are cancelled 

out . 

The value of the track current it is now 
calculated in the control system from the following 
formula: 

(track currents 100 (average cur rent )/( ga i n percent) 
that is: 

It = lOOla/G 
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For example, if G = , n 
injected current i „ m be " PerCe " C ' ^ «. 

- cr i9inal eurr . nt by - z:jrz;i;:^ 

original track current it „„.,. .. " the 

larger, t „at is 5 times la r g "r. 



greater 

currents ™ to'T'a" " " Mt ' i£ 

U P 2 amps are to be mMc „,^ ... . 



wv " * dIT1 PS are to be mMQ.iK^ 
to be sman in Qrd t " eaS k Ured ' then G, 

consumption in th* • 6Sp cur renf 

- ion m the monitoring circuit i 

Possible, and to avoid the Drohl * S ' 

fast control of hi ah P ro blems of accurate and 

■ " 01 of hlah currents. with • 
different value o £ G is seated for each ofY^' ' 

of ranges eon., £ a series 

etc I T a,rpS ' ° t0 200 0 to- 20 Ma 

etc. A relatively high value " 20 "a 

= "trent ranges, where hi oh , " i0 " 

and lower . values of G I " iS "^~d, 

ranges to avoid h k ,0t hl9h = 

maintaining ad^te ^l^oT ~ 

. j: ;^e ui :; y fr s :r::r caiiy uiust - ted " 

of examn , k Y Suitab ^ circuit. By wav 

or example however, the i nn „* y 

be an ol „ . ■ P reve rsal switch 8 will 

an electronically controlled CMOS analo 

such as type nnn analog switch 

amplifier 11 m av 1 °' ° G44J - The *»P« 

-co as the op 77 3 '"^ lnpUt * mp "«« 

sa^le and hold ir/rr 31 ^ 

"it* i 2 such c ; 9 DG ;; y comprise a ™ os »"p« 

capaoitive holding = i rcuU " JeV'av" b ^ 
standard coof iguration incorporat " a lo , ^ 3 
capacitor followed bv , \ 1 l0 " le a*age 

operational a mplifiec .„*„ as ano^^ ' mPedan " 
The variable gain srano 

amplifiers with thl T "** C ° nSiSt ° f ° P " 77 
^ the feedback resistor network 
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switches 17 and 18 being CMOS analog switches such as 
DG21i: The control system comprises a conventional 
microprocessor and associated circuitry caoable of 
interfacing with the other elements of the system and 
of performing the necessary computation. Typical 
configurations will include a 6303 processor, EPROM 
interface latches and clock circuitry. The voltage 
to current converter 7 which converts a digital 
•output from the control system 6 info the injection 
current may comprise a conventional configuration of 
a digital to analog converter (such as a DAC0800) and 
a high, current output operational amplifier such as 
the L2 72. The display device- 20 may be any 
appropriate device, such as a three and a half digit 
LCD or LED, and the appropriate display driver e.g. 'a 
7 211 device . 

It is important that, the probes 1 and 2 are 
sufficiently small as to enable reliable contacts to 
• be made with fine circuit tracks. Fig. 3 illustrates' 
one such probe device. 

Referring to Fig. 3 , the illustrated ; P robe 
comprises a first tubular contact 22 which 
corresponds to the current contact 4 of Fig'. 1. A 
second' contact 23 which corresponds to the voltage 
contact 5 of Fig. 1 is supported so as to extend 
along the axis of the tubular first contact 22. The 
first contact 23 has a tip . which projects axially 
beyond the end of the tube 22 when unrestrained, the 
contact 23 being telescopically mounted in a 
conductive housing 24 which is secured within an 
insulating body 25 within the tube 22. a pen like 
body 2-6 supports the contact assembly and conductors 
27 and 28 extend through the body 26 for connection 
to the circuit components illustrated in Fig. 1. 

The end of the tubular contact 22 is cut off at 
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tube axis so as to define a pointed tio 29 Th» 

«r.t co„ ct ; 3 a ;; al r e:;::: ure . is appiied to - 

-using 24 untii tne ti 8 n a ^ 
obstruction as th,t V P against "e. same 

first contact 2 3 T „ s PP t y h r ".V t0 
contact resilience of the second 

use s nd Pr ° VideS * POSUi - »»" "action to the 

users hand pressure and the 

automatically mak e good contact with . 

trarl( _„„. wncacc with a conductive 

track against which the prob e is pressed regardless 

of the angle of the avi* rt f »-u y iess 

conductive 4c k n r8latiVe t0 the 

struct-,, • 3 Mghly C ° m P act ^d r-ugged 

structure 1S provided 1 in which t-h* e '• 

the *cr.„ - 1C " the spacing between 

the secona contact 23^ and the tio 29 of h , 

contact can be relatively small fo " 

y small, for example 0. 3175cm. 



CLAIMS 

1. ' A current measuring apparatus comprising two 
probes adapted for positioning in contact with spaced apart 
regions of a conductive track, each probe having a first 
and a second contact, means for measuring the potential 
difference between the two first contacts, means for 
supplying current to the conductive tracks through the two 
second .contacts to effect a predetermined change in the 
measured potential difference, means for measuring the 
supplied current, and means for calculating the current 
through the track before the track is contacted by the 
probes from the measured current and the predetermined 
change in potential difference. 

2. A method for measuring the magnitude of a current 
flowing., down a conductive path, wherein two probes are 
positioned in contact with spaced apart regions of the 
conductive track, each probe comprising first and second 
electrically insulated contacts, the potential difference 
between the two first contacts is measured, current is 
supplied to the conductive tract through the two second 
contacts- to effect a predetermined change in the measure 
potential difference, the current supplied to achieve the 
predetermined change in the measured potential difference 
is measured, and the current through the track before the 
track was contacted by the probes is calculated from the 
measured current and the predetermined change in the 
potential difference. 

3. A method according to claim 2, wherein the 
predetermined change in potential difference is a 
percentage change selected to suit a particular measurement 
range . 

4. A method according to claim 2 or 3 , wherein each 
measurement is the result of a series of operations in 
which the current injected into the conductive track is 
reversed and the connection of the probes through the 
monitoring equipment is reversed in a four stage cycle, 
whereby an average result is produced which cancels out 



errors . 

5. A double contact probe comprising a first tubular 
contact, and a second contact extending along the axis of 
the tubular contact, wherein the second contact is 
resiliently mounted within the first contact so as to be 
electrically isolated therefrom, the first contact extends 
to a pointed tip, the second contact when unrestrained 
extends to a point axially beyond the said pointed tip, and 
the resilient mounting of the second contact is such that 
a predetermined axial pressure on the second contact causes 
it to move axially into the first contact so that the tips 
of the two contacts will lie on the conductive track 
irrespective of the angle of approach of the probe. 

6. A double contact probe according to claim 5, 
wherein the second contact is a spring-loaded telescopic 
assembly supported in a body of electrically insulating 
material within the first contact. 

7. A double contact probe according to claim 6, 
wherein the pointed tip of the first contact is defined by 
cutting off the end of the first contact along a planar cut 
inclined to a plane perpendicular to the tube axis. 

8. A current measuring apparatus substantially as 
hereinbefore described with reference to the accompanying 
drawings . 

9. A current measuring method substantially as 
hereinbefore described with reference to the accompanying 
drawings . 

10. A double contact probe substantially as 
hereinbefore described with reference to the accompanying 
drawings . ' 



